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Outline:Outline:
Thrombin and TP508Thrombin and TP508’’s role in s role in 
cellular activationcellular activation

Preclinical studies and clinical trials Preclinical studies and clinical trials 
with TP508 with TP508 -- most effective in most effective in 
chronic wounds or chronic wounds or ““at riskat risk”” patientspatients

Studies suggesting a universal Studies suggesting a universal 
signaling mechanismsignaling mechanism

Ability of TP508 to reverse Ability of TP508 to reverse 
Endothelial DysfunctionEndothelial Dysfunction
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Key roles of thrombin in tissue repairKey roles of thrombin in tissue repair

Cleaves fibrinogen to form fibrin clotsCleaves fibrinogen to form fibrin clots
Activates blood plateletsActivates blood platelets
Mediated exclusively by Mediated exclusively by 
proteolytically active thrombinproteolytically active thrombin

Inflammatory and 
Proliferative

Inflammatory and 
Proliferative

Stimulates cell Stimulates cell 
migration, proliferation, migration, proliferation, 
matrix deposition, matrix deposition, 
cytokine production, cytokine production, 
and differentiationand differentiation

Mediated by Mediated by 
proteolytically active proteolytically active 
and inactive thrombin and inactive thrombin 
fragmentsfragments

Homeostatic EffectsHomeostatic Effects
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Early and Late effects of thrombinEarly and Late effects of thrombin
EarlyEarly
–– Thrombin released at site of injury activates PAR Thrombin released at site of injury activates PAR 

receptors to produce proreceptors to produce pro--inflammatory responses inflammatory responses 

–– Thrombin trapped in fibrin clot Thrombin trapped in fibrin clot 

LateLate
–– Degradation releases peptide fragments of thrombin Degradation releases peptide fragments of thrombin 

–– Peptides stimulate recruitment and activation of Peptides stimulate recruitment and activation of 
inflammatory cells, endothelial cells, fibroblasts and inflammatory cells, endothelial cells, fibroblasts and 
progenitor cells by nonprogenitor cells by non--proteolytic mechanismproteolytic mechanism

–– Peptides also attenuate inflammatory response and Peptides also attenuate inflammatory response and 
promote later stages of healingpromote later stages of healing

TP508 is a synthetic thrombin peptideTP508 is a synthetic thrombin peptide



UTMBUTMB

Receptors for thrombin and TP508 peptideReceptors for thrombin and TP508 peptide

•• Multiple thrombin Multiple thrombin 
receptors on cellsreceptors on cells

•• Proteolytically Proteolytically 
activated receptors activated receptors 
((PAR1PAR1--44))

•• NonNon--Proteolytically Proteolytically 
activated receptor activated receptor 
((NPARNPAR))

•• TP508 has no TP508 has no 
proteolytic activity proteolytic activity 
and acts through and acts through 
NPARNPAR

““Double Signal HypothesisDouble Signal Hypothesis”” Carney, et.al., 1985Carney, et.al., 1985
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Thrombin Peptide TP508Thrombin Peptide TP508
(Chrysalin(Chrysalin®®))

23 amino acid peptide 23 amino acid peptide 
representing the receptor binding representing the receptor binding 
domain sequence of human domain sequence of human 
thrombin. thrombin. 

Mimics many of thrombinMimics many of thrombin’’s effects s effects 
on cells but has no proteolytic on cells but has no proteolytic 
activityactivity

Initiates repair of multiple tissuesInitiates repair of multiple tissues

Excellent safety profileExcellent safety profile

Synthetically manufactured at low Synthetically manufactured at low 
costcost

Currently being tested for clinical Currently being tested for clinical 
applications applications 

ThrombinThrombin

TP508TP508

J Peptide Research 1:65-73 (1988)
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Target Cell PopulationsTarget Cell Populations
Inflammatory Cells Inflammatory Cells 
FibroblastsFibroblasts
Endothelial CellsEndothelial Cells
Epithelial Cells (Keratinocytes)Epithelial Cells (Keratinocytes)
OsteoblastsOsteoblasts
ChondrocytesChondrocytes
Stem CellsStem Cells

All of these cells have highAll of these cells have high--affinity binding sites for thrombin affinity binding sites for thrombin 
and TP508 and TP508 
Effects include: Effects include: chemotaxischemotaxis, proliferation, angiogenesis, , proliferation, angiogenesis, 
differentiation, prevention of, or protection from, apoptosisdifferentiation, prevention of, or protection from, apoptosis
Gene arrays show dramatic effects suggesting that peptide Gene arrays show dramatic effects suggesting that peptide 
initiates a major signaling cascade within cellsinitiates a major signaling cascade within cells



Chrysalin Tissue Repair ApplicationsChrysalin Tissue Repair Applications

Chronic WoundsChronic Wounds

Bone and Bone and 
OrthopedicsOrthopedics

Acute WoundAcute Wound
RepairRepair

•• Diabetic ulcers Diabetic ulcers 
•• Venous ulcers Venous ulcers 
•• Pressure soresPressure sores

•• surgical incisionssurgical incisions
•• TraumaTrauma
•• Reconstructive surgeryReconstructive surgery

•• Fracture repairFracture repair
•• CartilageCartilage
•• Tendon & ligamentTendon & ligament

CardiovascularCardiovascular •• Myocardial revascularizationMyocardial revascularization

ChrysalinChrysalin®®

TP508 TP508 
PeptidePeptide

DentalDental
•• Bone GraftingBone Grafting
•• Soft tissue RepairSoft tissue Repair
•• Periodontal Defect RepairPeriodontal Defect Repair
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TP508 initiates cytokine production in TP508 initiates cytokine production in 
monocytesmonocytes

PHA activated PBMCs PHA activated PBMCs 
treated with TP508 for treated with TP508 for 
18 hours18 hours

Naldini et. al. Peptides; 25:1917-1926 (2004)

TP508 stimulates ILTP508 stimulates IL--1 1 
production to same level production to same level 
as SFLLRNas SFLLRN
PAR1 PAR1 antisenseantisense oligosoligos
inhibit stimulation by inhibit stimulation by 
SFLLRN, but not by SFLLRN, but not by 
TP508TP508
TP508 does not act TP508 does not act 
through PAR1through PAR1
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Preclinical Studies Preclinical Studies 

Dermal woundsDermal wounds
Fracture repairFracture repair
Segmental bone defectsSegmental bone defects
Periodontal bone fillingPeriodontal bone filling
Cartilage repairCartilage repair
Myocardial revascularizationMyocardial revascularization
Endothelial dysfunctionEndothelial dysfunction
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Chrysalin Stimulates Incisional Wound Chrysalin Stimulates Incisional Wound 
HealingHealing----Breaking Strength in RatsBreaking Strength in Rats

J. Clin. Invest. 89:1469J. Clin. Invest. 89:1469--1477 (1992)1477 (1992)

Single topical application Single topical application 
of Chrysalinof Chrysalin

70% increase in breaking 70% increase in breaking 
strength day 7strength day 7

Controls day 11 equal to Controls day 11 equal to 
treated day 7  treated day 7  

~4 day acceleration of ~4 day acceleration of 
healinghealing

Increased day 7 Increased day 7 
revascularization and revascularization and 
collagen formationcollagen formation0
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Day 7 Day 14 Day 21

Days Postsurgery

Saline

Chrysalin   

70% Stronger

37% Stronger

21% Stronger

p<0.001 p<0.001 p<0.002

TM
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Chrysalin Effect on Blood Vessel Formation Chrysalin Effect on Blood Vessel Formation 
and Maturation and Maturation ---- Day 7Day 7

ControlControl Chrysalin Chrysalin 

J. Clin. Invest. 1992 89:1469-1477
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Single topical application of Chrysalin to Single topical application of Chrysalin to 
rat 2cm dermal woundsrat 2cm dermal wounds

Day 3 Day 5 Day 8

Day 10 Day 14 Day 19

Chrysalin Control

Wound Repair and Regeneration 8:  204-215 (2000)
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TP508 Stimulates TP508 Stimulates 
FullFull--dermal dermal 

Wound Closure Wound Closure 
...and ...and 

RevascularizationRevascularization

Wound Repair and 
Regeneration 8:  204-
215 (2000)

100

150

200

W
ou

nd
 A

re
a 

(m
m

 s
q)

Sali
ne

TP50
8 (

LG)
TP50

8 (
GLP) 

TP50
8 (

GMP)
Day 7Day 7



UTMBUTMB

TP508 Stimulates PMN Recruitment TP508 Stimulates PMN Recruitment 
and Activation and Activation -- 24 hr24 hr

Saline TP508

A B
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Does TP508 work in impaired Does TP508 work in impaired 
wound healing models?wound healing models?

surgicallysurgically--induced ischemiainduced ischemia
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Wound Repair and 
Regeneration 8: 517-529 (2000).
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Early evaluation of TP517 effects on Early evaluation of TP517 effects on 
radiation impaired rat models radiation impaired rat models -- T. T. MustoeMustoe

Model 1 Total Body Model 1 Total Body 
Irradiation Irradiation -- 800 800 cGycGy
(cobalt 60)(cobalt 60)

•• monocytopeniamonocytopenia (5% of (5% of 
normal)normal)

•• Bone marrow depressionBone marrow depression

•• Platelet count <10% of Platelet count <10% of 
normalnormal

•• spares skin and spares skin and 
fibroblastsfibroblasts

•• 43% reduction in wound 43% reduction in wound 
breaking strengthbreaking strength

Model 2  Surface Irradiation Model 2  Surface Irradiation --
(Megavoltage electron (Megavoltage electron 
beembeem therapy) Surface therapy) Surface 
2500 2500 cGycGy, <300 at 10 mm , <300 at 10 mm 
deep and < 30cGy at 1 cmdeep and < 30cGy at 1 cm

•• normal circulating normal circulating 
monocytesmonocytes

•• No apparent effect on bone No apparent effect on bone 
marrowmarrow

•• Normal platelets and Normal platelets and 
monocytesmonocytes

•• 56% reduction in wound 56% reduction in wound 
breaking strengthbreaking strength

CromackCromack et al., J et al., J SurgSurg Res 53: 117Res 53: 117--122 (1992)122 (1992)
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TP517 effects different from TP517 effects different from 
PDGF and TGFPDGF and TGFββ

PDGF increases healing in surface irradiation but not PDGF increases healing in surface irradiation but not 
whole body irradiation, suggesting need for whole body irradiation, suggesting need for 
recruitment of recruitment of monocytesmonocytes etc.etc.

TGFbTGFb increases healing after whole body irradiation, increases healing after whole body irradiation, 
but not Surface irradiation consistent with direct but not Surface irradiation consistent with direct 
effects on fibroblasts and skin cellseffects on fibroblasts and skin cells

TP517 ~40% increase in whole body and ~30% TP517 ~40% increase in whole body and ~30% 
increase in surface irradiation.  Thus, multiple effects increase in surface irradiation.  Thus, multiple effects 
on cell recruitment and activation of resident cells on cell recruitment and activation of resident cells 
(fibroblasts, endothelial cells, etc.) to overcome (fibroblasts, endothelial cells, etc.) to overcome 
effects of irradiationeffects of irradiation

CromackCromack et al., J et al., J SurgSurg Res 53: 117Res 53: 117--122 (1992)122 (1992)
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Dermal Wound Dermal Wound 
HealingHealing
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Pilot Phase 1,2 Human Clinical Trial Completed: Pilot Phase 1,2 Human Clinical Trial Completed: 
Diabetic Foot UlcersDiabetic Foot Ulcers

DoubleDouble--blinded, placeboblinded, placebo--
controlled study controlled study -- 60 patients 60 patients -- 4 4 
centerscenters

Twice weekly topical application Twice weekly topical application 
of saline, 1of saline, 1µµg Chrysalin, or 10g Chrysalin, or 10µµg g 
ChrysalinChrysalin

20 week study20 week study

Offloading and standard care Offloading and standard care 
for all patientsfor all patients

Data published in Wound Repair Data published in Wound Repair 
and Regeneration 15: 23and Regeneration 15: 23--34 34 
(2007).(2007).

Chrysalin is an investigational drug not yet 
approved for commercial use
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Chrysalin more than doubles the Chrysalin more than doubles the 
incidence of complete healing of Foot incidence of complete healing of Foot 
Ulcers (% Healed at 20 weeks)Ulcers (% Healed at 20 weeks)
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KaplanKaplan--Meier Analysis of Time to 100% Meier Analysis of Time to 100% 
Wound ClosureWound Closure

Wound Repair and Regeneration 15: 23Wound Repair and Regeneration 15: 23--34 (2007).34 (2007).



UTMBUTMB

Chrysalin Effect Chrysalin Effect 
on Linear Wound on Linear Wound 

Healing Healing 

Rate almost Rate almost 
double that of double that of 

placebos placebos 
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Case #2: 47 yearCase #2: 47 year--old maleold male

Location: HeelLocation: Heel
PostPost--Debridement Baseline Area: Debridement Baseline Area: 

13.1cm13.1cm2 2 

Treatment: 10 mcg ChrysalinTreatment: 10 mcg Chrysalin

Healed in 102 daysHealed in 102 days

Wound Repair and Regeneration 15: 23Wound Repair and Regeneration 15: 23--34 (2007).34 (2007).
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Ulcers located on the heel of the footUlcers located on the heel of the foot

Wound Repair and Regeneration 15: 23Wound Repair and Regeneration 15: 23--34 (2007). 34 (2007). 
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Diabetic Ulcer ConclusionsDiabetic Ulcer Conclusions
No drugNo drug--related adverse events related adverse events 
Significant effects in foot ulcer subSignificant effects in foot ulcer sub--
populationpopulation

–– Increased 20Increased 20--wk total percent closure wk total percent closure 
(72%vs 33%, p =0.05) (72%vs 33%, p =0.05) 

–– Cut median time to closure in half (p=0.033)Cut median time to closure in half (p=0.033)
–– Nearly doubled linear rate of wound closure Nearly doubled linear rate of wound closure 

(82%)(82%)
–– Increased probability of 60Increased probability of 60--day closure from day closure from 

25% to over 60%25% to over 60%
Surprising potential efficacy with large heel Surprising potential efficacy with large heel 
ulcersulcers
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Orthopedic Orthopedic 
ApplicationsApplications

�� Fracture RepairFracture Repair

�� Segmental DefectsSegmental Defects

�� Spine FusionSpine Fusion

�� Cartilage RepairCartilage Repair

�� Ligament/TendonLigament/Tendon
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Preclinical foundations: Rat Preclinical foundations: Rat 
Fracture HealingFracture Healing
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TP508 TP508 -- Histological AnalysisHistological Analysis
3 weeks post3 weeks post--fracturefracture

Control TP508
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PLGA Chrysalin FormulationPLGA Chrysalin Formulation

Chrysalin Chrysalin 
incorporated in incorporated in 
resorbable PLGA resorbable PLGA 
matrix matrix 
Used in segmental Used in segmental 
defect and cartilage defect and cartilage 
defect studiesdefect studies

TP508 Microspheres
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Rabbit 1.5cm criticalRabbit 1.5cm critical--size defectssize defects

M. Sheller, et. Al., J Orthop Res 22: 1094-9 (2005)



UTMBUTMB1010 1010 -- ControlControl

Best of the Best of the 
control control 
defects defects 
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TP508 stimulates bone regenerationTP508 stimulates bone regeneration

Chrysalin 100ug Chrysalin 100ug --
10091009
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Preclinical Articular Cartilage Repair 

Bilateral 3mm full thickness critical size defects in NZW rabbits
Dan Grande, New York TP508 

Microspheres
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Effect of TP508 on Rabbit Cartilage RepairEffect of TP508 on Rabbit Cartilage Repair

PLGA microspheres alone or with TP508 were implanted into  PLGA microspheres alone or with TP508 were implanted into  
3mm defects in pluronic gel. Pictures show external appearance 3mm defects in pluronic gel. Pictures show external appearance 
of trochlear grove surface after 4 weeks.of trochlear grove surface after 4 weeks.

Control 50µg TP508



UTMBUTMB

Orthopedic Orthopedic 
Clinical TrialsClinical Trials

�� Fracture RepairFracture Repair

�� Spine FusionSpine Fusion
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Distal Radius Fracture Trials Conducted by Distal Radius Fracture Trials Conducted by 
OrthoLogicOrthoLogic

Prospective, DoubleProspective, Double--blind, Randomized, blind, Randomized, 
PlaceboPlacebo-- Controlled TrialsControlled Trials
Phase 1/2Phase 1/2
–– 90 Patients in 7 centers90 Patients in 7 centers
–– 3 Treatment Groups:3 Treatment Groups:

Chrysalin: 10 Chrysalin: 10 μμg   (1 cc)g   (1 cc)
Chrysalin: 100 Chrysalin: 100 μμg (1 cc)g (1 cc)
Placebo:    saline  (1 ccPlacebo:    saline  (1 cc))

–– Single injection at time of fracture reductionSingle injection at time of fracture reduction

Phase 3Phase 3
–– 502 Patients502 Patients

2 groups Placebo and 102 groups Placebo and 10µµgg
–– Single injection at time of fracture reduction Single injection at time of fracture reduction 

Chrysalin is an investigational drug and not 
approved for commercial use
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PhasePhase 1/2 Study1/2 Study
No drug related adverse eventsNo drug related adverse events

Chrysalin treated subjects healed significantly Chrysalin treated subjects healed significantly 
(~30%) faster than controls(~30%) faster than controls

Phase 3 StudyPhase 3 Study
Radiographic evidence of healing (primary Radiographic evidence of healing (primary 
clinical endpoint not met)clinical endpoint not met)

Clinical endpoints plus all radiographic Clinical endpoints plus all radiographic 
endpoints showed significant effect of TP508 in endpoints showed significant effect of TP508 in 
osteopenicosteopenic subpopulation of subpopulation of ““at riskat risk”” subjectssubjects

No drug related adverse eventsNo drug related adverse events
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Is there a unifying mode of action that can Is there a unifying mode of action that can 
explain the diverse effects of TP508?explain the diverse effects of TP508?

Endothelial effects appear to be seen in all Endothelial effects appear to be seen in all 
tissuestissues
TP508 induces angiogenesis by itself or by TP508 induces angiogenesis by itself or by 
enlisting other factorsenlisting other factors
Diabetic foot ulcers fail to heal due to Diabetic foot ulcers fail to heal due to 
endothelial dysfunction, yet TP508 very endothelial dysfunction, yet TP508 very 
effective in these chronic woundseffective in these chronic wounds
Hypothesis that TP508 may effect NO Hypothesis that TP508 may effect NO 
signaling pathway and reverse endothelial signaling pathway and reverse endothelial 
dysfunction as part of its mode of actiondysfunction as part of its mode of action
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Endothelial Dysfunction (ED)Endothelial Dysfunction (ED)
Characterized by impaired NO production in ECCharacterized by impaired NO production in EC
–– prevents vasodilation in response to agonists or prevents vasodilation in response to agonists or 

blood flowblood flow
–– loss of response to angiogenic factorsloss of response to angiogenic factors
–– loss of natural endothelial protectionloss of natural endothelial protection

ED occurs in and contributes to many diseases ED occurs in and contributes to many diseases 
including:including:
–– HypertensionHypertension Pulmonary airway diseasesPulmonary airway diseases
–– Diabetes                                        Diabetes                                        AsthmaAsthma
–– Chronic wounds                            Chronic wounds                            Kidney failureKidney failure
–– Cardiovascular disease                 Erectile dysfunctionCardiovascular disease                 Erectile dysfunction
–– Atherogenesis                               Cerebrovascular disoAtherogenesis                               Cerebrovascular disordersrders

ED involved in local and systemic radiation effectsED involved in local and systemic radiation effects
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arthritis

hypertension diabetes atherosclerosis

pulmonary hypertension erectile dysfunction

asthma sepsis

chronic wounds chronic renal failure

ENDOTHELIAL DYSFUNCTION

Radiation Effects 
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eNOS

L-arginine L-citrulline NO

Nitric Oxide (NO) production in endothelial 
cells is regulated by multiple processes

L-arginine

Arginase

urea

• NO is produced from 
arginine by nitric oxide 
synthase (eNOS) 

• In ED, eNOS activity is 
decreased by hypoxia 
and/or inflammation 
(TNFα)

• arginase competes 
with eNOS for L-
arginine 

• In ED, arginase is 
increased depleting 
arginine and reducing 
NO
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In vitro model of endothelial dysfunction

eNOSArginase

NO

ENDOTHELIAL DYSFUNCTION

TNFα TNFα 1% hypoxia

Human Aortic Endothelial Cells
Human Coronary Artery Endothelial Cells
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Arginase I

CTR       TNF

TNF up-regulates of Arginase I expression 
in Human Coronary Artery Endothelial Cells

GAPDH

Arginase I

TNFα

Barbara Barbara Olszewska-Pazdrak, MD 
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Does  TP508 alter  TNFα-induced  up-regulation
of Arginase I expression? 

Arginase I

TP508TNFα

1.?

2.?
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In vitro model of endothelial dysfunction

eNOSArginase

NO

ENDOTHELIAL DYSFUNCTION

TNFα TNFα 1% hypoxia

Human Aortic Endothelial Cells
Human Coronary Artery Endothelial Cells
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TP508 Effects on eNOS and ArginaseTP508 Effects on eNOS and Arginase
ArginaseArginase
–– TP508 blocks the upregulation of arginase induced by TNFTP508 blocks the upregulation of arginase induced by TNFαα
–– Effect is dose dependentEffect is dose dependent

eNOSeNOS
–– In normoxia TP508 stimulates phosphorylation of eNOS In normoxia TP508 stimulates phosphorylation of eNOS 
–– In hypoxic cells TP508 In hypoxic cells TP508 upregulatesupregulates (or prevents down(or prevents down--regulation) regulation) 

of of eNOSeNOS increasing the enzyme levelsincreasing the enzyme levels
–– Effects of TP508 on both phosphorylation and enzyme levels are Effects of TP508 on both phosphorylation and enzyme levels are 

dose dependentdose dependent
–– TP508 increases phosphorylation of eNOS even in the presence TP508 increases phosphorylation of eNOS even in the presence 

of TNFof TNFαα
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Ischemic Heart Model Ischemic Heart Model ----
Functional EvaluationFunctional Evaluation

Yucatan crossbreedYucatan crossbreed
minimini--pigspigs

Ameroid 
constriction of 
proximal LCX

Ameroid Ameroid 
constriction of constriction of 
proximal LCXproximal LCX

Theresa Fossum, DVM, PhD, Texas A&M Theresa Fossum, DVM, PhD, Texas A&M 
University,  College of Veterinary MedicineUniversity,  College of Veterinary Medicine
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Endothelial dysfunction and Endothelial dysfunction and 
myocardial revascularizationmyocardial revascularization

At 60 daysAt 60 days
Isolate arterioles Isolate arterioles 
and test for and test for 
endothelial endothelial 
dysfunctiondysfunction

Perfusion dataPerfusion data

Cardiac functionCardiac function
–– EchocardiographyEchocardiography

At 30 daysAt 30 days

Myocardial Myocardial 
injection of injection of 
Chrysalin using Chrysalin using 
controlled release controlled release 
formulationformulation
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TP508 reverses ED in TP508 reverses ED in 
Coronary ArteriolesCoronary Arterioles

CC

BB

AA

LCX

LCX

Day 0Day 0

Day 60Day 60

Travis Hein, PhD White Hospital Travis Hein, PhD White Hospital 
Texas A&M UniversityTexas A&M University
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TP508 increases perfusion and TP508 increases perfusion and 
Revascularization Revascularization 

Myocardial Perfusion Means for Endocardial Regions 
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TP508 Promotes Functional RecoveryTP508 Promotes Functional Recovery

Echocardiograms at 60 days measure % 
change in wall thickening which correlates with 
ability of muscle to contract

0

20

40

60

80

CTR     TP               CTR     TP 
P

er
ce

nt
 w

al
l t

hi
ck

en
in

g 
(d

ay
 6

0)
rest                         stress



UTMBUTMB

Myocardial Ischemia is first in vivo Myocardial Ischemia is first in vivo 
demonstration of ED reversaldemonstration of ED reversal

Functional response (perfusion & wall Functional response (perfusion & wall 
thickening) of ischemic myocardium thickening) of ischemic myocardium 
significantly increasedsignificantly increased

Chrysalin restores NO signaling pathway Chrysalin restores NO signaling pathway 
responsiveness in vessels isolated from responsiveness in vessels isolated from 
ischemic heartischemic heart

Results may have implications for dermal and Results may have implications for dermal and 
orthopedic applications in aging populations orthopedic applications in aging populations 
and in radiation combination injuries where and in radiation combination injuries where 
endothelial dysfunction may affect endothelial dysfunction may affect 
revascularization and healingrevascularization and healing
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